The molecular structure and conformational analysis of 1,2,7-thiadiazapane conformers were investigated by density functional theory (DFT) calculations at the B3LYP/cc-pVDZ level of theory. Four twist-chair (TC), six twist-boat (TB), two boat (B), two chair (C) and four twist (T) conformers were identified as minima and transition states for 1,2,7-thiadiazepane. The TC1 conformer is the most stable conformer and the twist-chair conformers are predicted to be lower in energy than their corresponding boat and chair conformations. DFT predicts a small barrier to pseudo-rotation and a remarkable activation barrier for the conformational interconversion of the twist-chair conformers to their corresponding boat conformers. The simplest conformational process and the one with the lowest barrier is the degenerate interconversion of the twist-chair 3 (TC3) conformation with itself via the C S symmetric chair (C2) transition state. The calculated strain energy barrier for this process is 2.41 kJ mol -1 . The highest conformational interconversion barrier is between TC2 and twist-boat 3 (TB3) forms, which was found to be 75.62 kJ mol -1 .
INTRODUCTION
The chemistry and biological activities of seven-membered heterocyclic compounds has continued to command significant attention in recent years. 1 Cycloheptane and its hetero derivatives (heterocycloheptanes), which are found in Alzheimer drugs, anticancer agents, antimalarials, 2, 3 and natural products, [4] [5] [6] [7] [8] are important compounds in many areas of science. These compounds can be both fused and non-fused heterocycles, with an emphasis on N, S, and O as the heteroatom in the seven-membered ring components. Many synthetic methods were reported for these compounds in recent decades. 9 396 HAGHDADI and FAROKHI There are many reports concerning the synthesis and pharmacological activities of cyclic sulfonamide compounds (as heterocycloheptane derivatives). [10] [11] [12] [13] These compounds inhibit the HIV protease by affecting its binding to protein. [14] [15] [16] Contrary to the abundance of information on the synthesis and pharmacological activities of 7-membered heterocyclic compounds, there is relatively little information available about the conformational properties of these compounds. It is difficult to study experimentally the stereodynamics of compounds containing a seven-membered ring since the conformations are often structurally similar and show complex conformational and pseudo-rotational equilibria with low barriers among the chair (C), twist chair (TC), boat (B), and twist-boat (TB) conformations and transition states.
As a continuation of our interest in the conformations of medium ring sized heterocycles, [17] [18] [19] [20] this study was undertaken in order to investigate the conformational analysis of 1,2,7-thiadiazepane (Scheme 1) by computational methods to determine their preferred conformers. The effects of changes in bond length, bond angle and torsion angle of these compounds were also of interest. Therefore, the density functional theory (DFT) method was applied in this work to calculate the molecular structures, energy differences and conformational interconversion pathways of 1,2,7-thiadiazepane conformers at the B3LYP/cc-pVDZ// //B3LYP/cc-pVDZ level (full optimization). 
COMPUTATIONAL DETAILS
In the present study, the density functional theory method was used to optimize the conformations of 1,2,7-thiadiazepane. The Becke three-parameter exact exchange functional (B3) 21 combined with the gradient-corrected correlation functional of Lee-Yang-Parr (LYP) 22 of DFT methods, implementing the cc-pVDZ basis set was employed to optimize the molecules.
The nature of the optimized geometries at the B3LYP level was checked with frequency calculations. The vibrational frequencies were calculated at the cc-pVDZ level for all minimum energies and transition states, which were confirmed to have zero and one imaginary frequency, respectively. All calculations were performed using the Gaussian 2003W computational package. 23 
RESULTS AND DISCUSSION
The results of the density functional theory (B3LYP/cc-pVDZ//B3LYP/cc--pVDZ) calculations showed that twenty two geometries, of which eleven were energy minima, were important in the description of the conformational pro-perties of 1,2,7-thiadiazepane (1). There are eleven transition states which are required to describe the dynamic conformational properties of compound 1. Corrected zero point (ZPE°) and total electronic (Eel) energies (E° = E el + ZPE°) for conformations of compound 1 are given in Table I 
Molecular structures of 1,2,7-thiadiazepane conformers
Conformational studies of 1,2,7-thiadiazepane revealed some minima and transition states with similar energies and geometries among the twist-chair, chair, boat, twist-boat and twist conformations and transition states. The S and N atoms occupy positions which avoid transannular hydrogen-hydrogen steric and the lone pair-lone pair interactions. The geometrical parameters of 1,2,7-thiadiazepane conformers were calculated and are presented in Tables II and III. Five twist-chair (TC), six twist-boat (TB), three boat (B), four chair (C) and four twist (T) conformers were identified as minima and transition states for compound 1 (Schemes 2 and 3). The possible minima forms are: TC1-TC5 for the twist-chair structure, C1-C4 for the chair structure, B1-B3 for the boat structure, TB1-TB6 for the twist-boat structure and T1-T4 for twist structure. The TC1 conformer is the most stable, with the highest dihedral angles of φ 4 and φ 7 (Table II) of the minimum conformers. In the TC5 conformer, the dihedral angles of φ 2 and φ 6 (which geometrically correspond to φ 4 and φ 7 of TC1) were increased in comparison with the others. The lowest value of the dihedral angle of φ 7 was observed in the TB2 conformer and φ 1 was decreased in the TB6 structure. While the dihedral angle of φ 5 in the TB1 conformer and φ 4 in the B3 conformer were decreased, these dihedral angles have the highest values in the TC3 and TC1 conformers, respectively. The TC2 conformer has the highest value of dihedral angle of φ 3 which is decreased in the TB1 conformer. Comparison between the calculated bond angles indicated that θ 1 (110.90°) in the TC4, θ 6 (117.54°) in the TC2, θ 7 (122.71°) in the TC1, θ 5 (117.89°) and θ 3 (117.93°) in the TC3 and θ 2 (119.64°) in the TB3 conformers were wider than the corresponding bond angles of the other conformers (stereo-electronic effects). B3LYP/cc-pVDZ calculations predicted that the bond length of N 1 -S was the shortest and the bond length of N 2 -S was the longest in the TB5 conformer, while in the TB2 conformer, the bond distance of N 1 -S was the longest and N 2 -S was the shortest. The bond lengths tend to depend more on the type of bond and the dihedral angles depend more on the conformation of the molecule. 
Conformational analysis
The results of the DFT calculations showed that there are eleven minima (twist-chair, TC1, TC2, TC3, TC4 and TC5; twist-boat, TB1, TB2, TB3, TB4 and TB5; boat, B1) and eleven transition states (chair, C1, C2, C3 and C4; twist, T1, T2, T3 and T4; twist-boat, TB6; boat, B2 and B3) in the 1,2,7-thiadiazepane conformations (Schemes 2 and 3). The conformational interconversion pathways and structure optimization of 1 are shown in Figs. 1 and 2 and Tables II and III. The most stable conformation of 1 is the unsymmetrical TC1 form, which by changing the twist of S-N 1 C 4 C 3 the TC2 conformer was formed (7.33 kJ mol -1 ) (Fig. 1) . The structure of the transition state was obtained from the QST3 subroutine using the optimized geometries of the TC1 and TC2 conformations. The calculated energy barrier for interconversion of these two conformers occurs via the unsymmetrical chair (C1) as the transition state. The second energy minimum conformation of 1 is twist-chair 3 (TC3), which is higher in energy than TC1 by 3.83 kJ mol -1 . The degenerate interconversion of TC3 with its mirror image occurs via the C s symmetric chair 2 (C2), as the transition state. Moreover, the TC3 conformation could transform via chair 4 (C4) to TC1. The strain energy barrier for this process is 6.53 kJ mol -1 .
The twist-chair 4 (TC4) is another energy-minimum structure, which was found to be less stable than the TC1 conformer by 7.88 kJ mol -1 and more stable than twist-chair 5 (TC5), which has the opposite twist in the C-N-S-N angle in the ring (see Scheme 2). The transition state linking TC5 and TC4 is the unsymmetrical chair 3 (C3) with the calculated strain energy barrier for this process being 19.44 kJ mol -1 (Fig. 3) . The results of calculations showed that there are a number of twist-boat conformations, which are energy minima in the pseudorotation pathways and are also higher in energy than the twist-chair conformers. The most stable conformer in the twist-boat family is twist boat 1 (TB1), which is 20.11 kJ mol -1 higher in energy than TC1 (the most stable conformer of the twist-chair family) ( Table I) .
The TB1 conformer can be related to the twist-boat 2 (TB2) geometry via the unsymmetrical boat conformer (B1), requiring an energy of 40.36 kJ mol -1 (Fig. 2) Moreover, by changing the C-C-N-S twist in the TB2 conformer, it could be converted to twist-boat 3 (TB3) via the unsymmetrical boat form (B2). The calculated strain energy barrier for this process is 30.53 kJ mol -1 . The degenerate interconversion of TB3 with its mirror image could occur via the unsymmetrical twist-boat 4 (TB4) as the transition state, as well as the C s symmetric boat 3 (B3) geometry as a local minimum. Moreover, the twist-boat 5 (TB5), as another minimum conformation, could be converted to twist-boat 6 (TB6) via B1 as the transition state.
The results of the B3LYP/cc-pVDZ calculations for the conformational interconversion pathways showed that the twist-chair families can be related to the boat families via twist conformers as the transition states. The TC1 geometry could be converted to B3 via twist 1 (T1) as the transition state, for which the strain energy barrier is 75.62 kJ mol -1 . The TB2 conformer, from the twist boat family, could be converted to twist chair conformations via two conformational processes. The simplest conformational process is the interconversion of the TB1 and TC5, via the C 2v symmetric twist 2 (T2) as the transition state, which requires 45.75 kJ mol -1 (Fig. 2) . The second (high-energy) process involves the conformational interconversion of the TB1 and TC3 forms that occurs via the unsymmetrical twist 3 (T3) as the transition state (Fig. 4) . The strain energy barrier for this process is 69.36 kJ mol -1 . On the other hand, the TC2 conformation could transform via twist geometry 4 (T4) to the B3 geometry with an energy barrier to interconversion of 44.12 kJ mol -1 (Fig. 5) .
As can be seen from the results of DFT in Table I and Figs. 1 and 2 , the twist-chair conformer (TC1) is lower in energy than the boat and twist-boat conformers, and the chair transition states (C1, C2, C3 and C4) are lower in energy than the boat and twist-boat conformers. Based on the energetic results, it could be concluded that, among the various conformations of compound 1, the twistchair and chair conformers are the most important forms, as they could be significantly populated at room temperature. 
CONCLUSIONS
The stability of 1,2,7-thiadiazepane conformers were studied by DFT calculations. Four chair, five twist-chair, three boat, six twist-boat and four twist conformers were identified as minima and transition states for 1,2,7-thiadiazepane. Among the various conformations of compound 1, the unsymmetrical TC1 form was found to be the most stable geometry, the TC3 form, as the second lowest energy minimum, has the simplest conformational process, with the lowest energy barrier, namely the degenerate interconversion of TC3 with itself via the C S symmetric chair (C2) transition state. The results of the calculations showed that the twist-chair and chair conformers are more stable than the twist-boat conformers, as the minimum energy conformation of twist-boat family is 20.11 kJ mol -1 less stable than the lowest energy form (TC1) of 1. Therefore the twist-chair conformations are the most important because they are expected to be significantly populated at room temperature.
